METHOD FOR MEASURING THE ELECTROMOTIVE FORCE 

CONSTANT OF MOTORS 

BACKGROUND OF THE INVENTION 

Field of Invention 

5 The invention relates to a method for measuring the electromotive force constant of 

motors, and more particularly to a method for measuring the electromotive force constant 
when motors work in single phase 

Related Art 

Three phases permanent magnet motors, which are also called Permanent Magnet 
10 Synchronous Motors or DC brushless motors, are dominant in the industry because of their 
superior control and response. The most common examples are servo motors used in the 
automation industry, or spindle motors of disk drives to hard disks used in the Office 
Automation (OA) field. 

The general three-phase permanent magnet motors are in Y-connection structure, 
15 which can be categorized in three-wired types and four-wired types according to wires of 
motors. Three-wired type motors have a three-phased winding to be connected with motor 
drivers. The servo motors used in factory automation belong to this category. Four-wired type 
motors have three phase windings and a neutral winding. The small permanent magnet 
motors used in the Office Automation (OA) field belong to this category. 

20 In the magnetic parameters of permanent magnet motors, the electromotive force 

constant Kemax, which is equal to the torque constant in M.K.S., is closely linked to the motor 
performance, driving force and operation. The prior art discloses some solutions for 
measuring the electromotive force constant. 

One of the solutions is an off-line anti-electromotive force approach, which utilizes a 
25 servo controllable motor to connect with a to-be-tested motor. The to-be-tested motor is open, 
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i.e., is not connected with any drivers. Once the motor rotates in constant electrical angle 
velocity cor, the electromotive force of the to-be-tested motor is obtained through the 
electromotive force, induced by any two phases. 

However, the approach has some technical problems. For example, an expensive 
5 controllable motor and drivers are necessary. A clip fixture is also needed for coupling the 
two motors without slant. If the two motors slant too serous, the servo motor may not rotate 
smoothly in constant velocity because the load and the bearing of the to-be-tested motor is 
also easily damaged. Furthermore, some spindle motors employing sir bearings for hard disks 
lose the air characteristic after coupling with another motor. Therefore, such kinds of motors 
1 0 are not suitable for this approach. 

The other solution is the on-line vector control estimation approach. The reference 
coordinates for servo permanent magnet motors often adopt a rotator coordinates system. 
Therefore, when the input current of the q axis is set to be constant and the input current of the 
d axis is set to be 0, the motor rotates in fixed torque. After current control performed by two 
15 close-loop controllers until the loop is in steady state, the back electromotive force constant 
is obtained accordingly. 

However, the above approach is time consuming and cost wasting because of the 
servomotors. Furthermore, when applying the approach to small motors, additional circuits 
are needed, and a precise encoder attached on the motor is also needed for implementation. 
20 Meanwhile, in this method, the estimation error of the current and the resistor, and the design 
of controllers affect the measured electromotive force constant Kemax- 

R.O.C patent publication No. 488125 discloses a method for identifying the 
magnetization of rotators through the electromotive force constant. Some auxiliary windings 
are wound on the stator core for sensing the magnetic flux of the magnetic field of the rotator. 
25 The electromotive force constant is obtained through the electromotive force induced on the 
auxiliary windings. 
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However, this method is only suitable for the magnetization of rotators when 
manufacturing motors. The auxiliary windings are especially subscribed and the motor has to 
be driven in constant velocity and close loop. This method is not suitable for finished motors 
because the stators can not be refit. Furthermore, if the motors do not have a velocity sensor, 
5 the close loop control is not provided for constant rotating. 

The electromotive force constant Kemax affects the motor performance, driving force, 
and operation. However, the prior art did not provide effective solutions for this technical 
problem. Therefore, a method for measuring the electromotive force constant is necessary for 
motor technology. 

1 0 SUMMARY OF THE INVENTION 

In view of the aforesaid disadvantages, the main object of the invention is to provide a 
method for measuring the electromotive force constant of motors that substantially obviates 
one or more of the problems, due to limitations and disadvantages of the related art. 

Therefore, to achieve the object and other advantages in accordance with the invention, 
15 as embodied and broadly described herein, the method of the invention first enables the 
motor to rotate in single phase mode, and then measure phase voltages of the motor when the 
motor rotates to a predetermined velocity; at last, obtains the electromotive force constant of 
the motor according to the relationship of the phase voltages and the predetermined velocity. 

According to the principles and the method of the invention, the method utilizes a simple 
20 approach to measure the electromotive force constant Kemax of permanent magnet motors. 
The approach measures the three phase's voltage of motors in signal phase rotating mode, 
and obtains the constant accordingly. It is noted that motors do not have to work in close-loop. 
Therefore, neither encoders for detecting angle displacement or angle velocity are needed for 
motors, nor have the motor impedance or current to obtain in advance. Compared with the 
25 prior art, the disclosed method is more efficient and economic. Therefore, the disclosed 
method may apply to motors for factory automation or small office automation. 
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Further scope of applicability of the present invention will become apparent from the 
detailed description given hereinafter. However, it should be understood that the detailed 
description and specific examples, while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various changes and modifications within the 
5 spirit and scope of the invention will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description 
given hereinbelow illustration only, and thus does not limit the present invention, wherein: 

1 0 Fig. 1 illustrates the flow chart of the method for measuring electromotive force constant 

of motors of the invention; 

Fig. 2 illustrates the circuitry of the three phases permanent magnet motor connected 
with the motor driver; 

Fig. 3 illustrates a schematic diagram of the relative position between the stator and the 
1 5 rotor of the motor to be measured and the Hall elements; 

Fig. 4 illustrates the circuitry of motors working in single phase mode; 

Fig. 5 illustrates the output signals of the Hall elements when working in three-phased 
mode; 

Fig. 6 illustrates the input signals received by the driver when working in signal-phased 
20 mode; 

Fig. 7 illustrates the relationship between the phase current and time, and the relationship 
between the Hall elements and time; and 

Fig. 8 illustrates the relationship between v^, and time and the relationship between 
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and time when working in single phase mode. 



DETAILED DESCRIPTION OF THE INVENTION 

Refer to Fig. 1 illustrating the flow chart of the method for measuring the electromotive 
force constant of motors of the invention. In the embodiment of Fig. 1, a three phase 
5 permanent magnet motor is taken as an example. First, the three phase permanent magnet 
motor is enabled to rotate in single phase mode (step 100). In single phase mode, one phase of 
the motor, for example, phase c, is always open, and the other two phases, for example, phase 
a and b, are connected in series. The phases current of phase a and b are equal. The single 
phase mode, for example, may be enabled by a three-phased driver to a one-phased driver. 

10 When the motor rotates to a predetermined velocity in single mode, measure the phase 

voltages Va, v/,. and VcOf the motor (step 200). It is noted that the predetermined velocity may 
or may not be stable. Then, the electromotive force constant is obtained according to a 
voltage variable, which is a function of time derived from the phase voltages (step 300). 

The principle of the invention is described in details in the following paragraphs. 

1 5 Generally speaking, the electrical math model of a three phase permanent magnet motor 

is expressed as: 
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Wherein Vas, v^, and v„are the terminal voltages of the three phases of the motor; Va, v^, 
and Vc are respective voltages of the neutral voltage v^; ia, it, ic are the phase current of the 
20 motor; P is the number of the magnetic pole of the rotator magnet; r^, Ls, Mare the resistor, 
self-induction, and the mutual induction of each phase respectively; ov is the rotational speed 
of the electrical angle of the rotator; 0r is the electrical angle of the rotator; and Kenua is the 



5 



electromotive force constant of the motor. 



The mechanic model is expressed as: 



2J • 2S 
= — a)r+ — -ai, + r, 

P p r L 
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Wherein Te is the output torque of the motor, J is the moment inertia, is damping ratio 
5 of the motor, and Ti is the loading of the motor. 

The three phase permanent magnet motor and the driver are connected as illustrated in 
Fig. 2. The driver of Fig. 2 is composed of three electrical bridges, Legi, Leg2, and Legs. Each 
electrical bridge has two power elements, which are Trl, Tr2, Tr3, Tr4, Tr5, and Tr6. The 
power elements, for example, may be transistors, MOSFET, IGBT. The reference numbers a, 
10 b, c are the three phase windings. The reference number s is neutral line. The reference 
number /'a, ic are the phase current of the motor. 

When the motor rotates in single phase mode, only two phases have current flowing by. 
For example, these two conducted phases are phase a and phase b, and phase c is open. 
Meanwhile, ia=-h^i and /c=0. In single phase mode, only power element Tr3, Tr4, Tr5, and 
1 5 Tr6 function. Accordingly, the aforementioned model is re-expressed as: 
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From equation (3) and (4), Once the phase of the current / provided by the driver is the 
same as cos(6r+Ti/6), the output torque Te>0 is such, that the motor rotates continuously. And 
the magnitude of the current / may vary with time unlimitedly. 

Define v^Xt) as a function of time, and use equation (3) to derive an equation as follows: 
Accordingly, Kemax^^y be obtained by: 

Therefore, once the phase voltages v^, v^,, Vc and the rotating speed cOr are obtained, the 
electromotive force constant may be obtained from equation (6). The rotating speed cOr may, 
10 for example, be measured by velocity sensor, such as a position encoder. The electromotive 
force constant is then delivered after the speed is measured. 

Furthermore, the electromotive force may also be obtained through integral of equation 
(5). Define v^t) as a function of time, and expressed as: 

ve(0= J[v,(t>/t 

= ^e«.xSin(^e, (/) + ^ j - /^..^sinj^e, (o) -h ^ j = ^..^sinj^G, (/) + ^ j + v,^ 

15 v^t) is the integral of VoJ^t), Vdc is a direct current (DC) bias constant. Therefore, Kemax is 

obtained by the following equation: 



^emox =max(AC(ve(/)))(g) 



The key of Equation (8) is to take the accelerating current (AC) of v^t), and then take the 
peak value. Equation (8) is very suitable for the motors whose position encoder's solution is 
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not sufficient, so the precise velocity can not be obtained. 

The above method is also suitable for the situation that the output current provided by the 
driver is 0. When the motor rotates to a predetermined velocity, and turns off* the power of the 
driver suddenly, if the moment inertia of the rotator is sufficient, the motor still rotates for a 
5 period of time. Accordingly, during the period, the electromotive force is obtained by 
Equation (6) or Equation (8). 

The principle of the invention is put to the proof by the following examples. 

A spindle motor, which is a DC non-brush motor and three-wired type in Y-connection, 
is chosen. The motor has three Hall elements Ha, Hb, and He inside for replacing the rectifier 
1 0 and the brush. The respective position between the Hall elements and the stator and rotator of 
the motor is shown as Fig. 3. The driver may provide a correct phase-changing current to the 
motor while the Hall elements are sensing the magnetic Held of the rotator such, that the 
motor may rotate continuously. The number of magnetic poles of the motor is 12, and the 
designed Kemax is 0.00475 Volt/(rad/sec). 

15 The respective outputs Ha, Hb, He of the three Hall elements are Ha"^, Ha", Hb"*", Hb', Hc^, 

He" respectively. A driver which is IC BA6849 manufactured by ROHM company 
(wvyw.rohm.com) is employed to drive the chosen motor. The driver is driven by 180° 
six-step square wave, i.e., a three-phased driver. 

Some modification and design are introduced for enabling the motor to rotate in single 
20 phase mode. As illustrated in Fig. 4, the c phase winding of the motor cannot be connected to 
the driver. The phase a winding and phase b winding are connected to the driver 10. The Hall 
elements need some modification in order to be connected to the driver. 

The signals of the Hall element Ha are delivered to the driver 20 after being transformed 
into digital signals. The signals of the Hall elements Hband He are not employed. The input 
25 signals of the pins Hb^ Hb', He^ He' of the driver 10 are counterfeited from the input of the 
pin Ha. It is noted that the input signal of the pin He"*^ runs through an inverter 30 first. 
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Accordingly, the driver may enable the motor to rotate in single phase mode. The six-phased 
change of a three-phased magnet-exit becomes a two-phased change of single-phased 
magnet-exit. 

The output signals of the Hall elements when operating in three phase mode are 
5 illustrated in Fig. 5, in which there is angle difference of 120*^. The input signals received by 
the driver when operating in signal phase mode are illustrated in Fig. 6. 

For enabling the motor to rotate in single phase mode, the signals of Fig. 5 cannot be 
delivered to the driver directly without modification shown in Fig. 4. The modified signals as 
shown in Fig. 6 are then delivered to the driver such that the result shown in Fig. 7 is obtained. 
1 0 Fig. 7 illustrates the relationship between the phase current / of a phase winding and time, and 
the relationship between the Hall elements Ha^-Ha" and time. The positive and negative logic 
of (Ha^-Ha ) is taken as the basis for state-changing of the phase current /. The period of the 
phase current / is 360'' from the figure, and the positive current and the negative current are 
symmetric. Accordingly, the motor rotates in single mode indeed. 

15 Fig. 8 illustrates the relationship between v^, and time and the relationship between vg 

and time when working in single phase mode, vg is the integral obtained from a digital 
integral device. In Fig. 8, Vdc= -0.00468 V, and ^emax=0.00465 Volt/(rad/sec) from equation 
(8), which is very similar to the specification. 

Accordingly, the disclosed method of the invention may be employed to examine the 
20 magnetization intensity of the permanent magnet of the rotator, or may be applied in test 
machines measuring ATe^ox automatically, to be reference for choosing motors or controllers. 
Furthermore, the disclosed method may be applied to the self-diagnosis process of universal 
drives for obtaining the electromotive force constant of motors connected and may be applied 
to controllers for auto-turning. 

25 While the preferred embodiments of the invention have been set forth for the purpose of 

disclosure, modifications of the disclosed embodiments of the invention as well as other 
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embodiments thereof may occur to those skilled in the art. Accordingly, the appended claims 
are intended to cover all embodiments, which do not depart from the spirit and scope of the 
invention. 
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